INTRODUCTION {#s1}
============

Nontuberculous mycobacterial (NTM) lung disease is a chronic pulmonary infection in the lung and its branches, and is caused by anti-fast bacilli other than tuberculous mycobacteria[@r1]^)^. Often, there is no symptom in the early stage of this disease. As the disease progresses, respiratory symptoms (e.g., cough and sputum), fever, and weight loss appear. The incidence rate of NTM was about 2.0 cases per 100,000 persons in the United States in 2008[@r2]^)^. In a recent study, the incidence rates in Japan increased from 2.43 cases per 100,000 persons in 1990 to 5.7 cases per 100,000 persons in 2007[@r3]^)^.

The main treatment of NTM lung disease is chemotherapy. In some cases, a surgical procedure is combined with chemotherapy. ATS/IDSA guideline recommends the combination of chemotherapy and surgical procedures for NTM lung disease patients with resectable lesions. The Japanese guideline of the surgical procedure for NTM recommends that surgical procedures are applied to smear-positive NTM lung disease patients or those with localized lesions despite undergoing chemotherapy[@r4]^)^. Video-assisted thoracic surgery (VATS) is one of such surgical procedures. On average, this procedure leads to less postoperative wounds, postoperative pain, and complications, and a shorter length of hospital stay than thoracotomy in patients with lung cancer[@r5],[@r6],[@r7],[@r8]^)^. In some hospitals, VATS is performed for NTM lung disease patients.

Preoperative pulmonary rehabilitation for lung resection surgery (pre-PR) consists of respiratory muscle training, aerobic exercise, instructions on breathing technique, phlegm expulsion technique, and activities of daily living after the operation. Whereas there are some reports about preoperative pulmonary rehabilitation[@r9], [@r10]^)^, pre-PR has very little empirical evidence. Few reports have shown that pre-PR decreases postoperative complications and length of hospital stay[@r11]^)^.

Pre-PR was performed on NTM lung disease patients who underwent lung resection with VATS at our hospital, because it was deemed that a combination of VATS and pre-PR may be effective in preventing postoperative pneumonia and atelectasis. To the best of our knowledge, there have been no reports on complications after lung resection with VATS in NTM lung disease patients who underwent pre-PR.

Thus, in the present study, we aimed to detect the occurrence of postoperative pneumonia and atelectasis in NTM lung disease patients who underwent lung resection with VATS and pre-PR, and to investigate the difference between preoperative and postoperative pulmonary functions.

SUBJECTS AND METHODS {#s2}
====================

Subjects
--------

NTM lung disease patients who underwent lung resection with VATS at the National Hospital Organization Higashi Nagoya National Hospital between April in 2013 and March in 2014 were enrolled. The following patients were excluded: those who had cognitive disorder and those who had a disease (e.g., musculoskeletal disease, cerebrovascular disease, or neuromuscular disease) that seriously impaired the function of walking before the operation. Twenty patients were screened, and one patient who did not undergo the test for postoperative pulmonary function was excluded. Nineteen patients were thereby analyzed. NTM lung disease was diagnosed according to the Japanese guideline for the diagnosis of this disease[@r12]^)^.

This retrospective observational study was conducted according to the clinical study ethics guidelines.

Methods
-------

Data including the subjects' age, gender, strain of mycobacterium, chemotherapy before the operation, number of days before independent gait, and number of days in hospital assessed as postoperative variables, were collected from the subjects' medical records. The patients underwent high-resolution computed tomography and pulmonary function tests. The pulmonary function test was performed at preoperation and at postoperative 3 months.

Pre-PR was carried out once before the operation, and it took about 40 min. Pre-PR consisted of instructions about breathing technique, respiratory muscle training by using incentive spirometry, active cycle breathing technique, activities of daily living after the operation, and aerobic exercise. The patients were instructed that pre-PR, as a home-based exercise, should be performed during the preoperative period from the day of receiving the instructions.

Postoperative pneumonia and atelectasis were assessed as postoperative complications according to the Common Terminology Criteria for Adverse Events ver.4.0[@r13]^)^. Grade 1 or higher in this criteria was defined as the presence of postoperative complication.

To compare preoperative and postoperative pulmonary function, a paired t-test was performed. SPSS software version 19 (SPSS Japan Inc., Tokyo, Japan) was used for statistical processing, and the significance level for each analysis was set at 5%.

RESULTS {#s3}
=======

[Table 1](#tbl_001){ref-type="table"}Table 1.Characteristics of the 19 patientsVariablesValuesAge, years ^†^52.1 ± 13.8Gender M/F, n5/14BMI, kg/m^2†^20.4 ± 1.9Strain of mycobacterium, n (%)*M. avium*13 (68.4)*M. intracellulare*4 (21.1)*M. abscessus*1 (5.3)*M. xenopi*1 (5.3)Medication, n (%)CAM19 (100.0)REF17 (89.5)EB17 (89.5)KM12 (63.2)STFX2 (10.5)Surgical procedure, n (%)Lobectomy10 (52.6)Segmentectomy3 (15.8)Partial resection2 (10.5)Bi-lobectomy2 (10.5)Lobectomy + partial resection1 (5.3)Segmentectomy + partial resection1 (5.3)^†^ Values are expressed as mean ± SD. BMI: body mass index; CAM: clarithromycin; REF, rifampicin; EB: ethambutol; KM: kanamycin; STFX: sitafloxacin shows the characteristics of the 19 patients. The duration between the day of the instructions of the pre-PR and the day of the operation was 51.4 days (standard deviation \[SD\], 32.4). All patients had no postoperative pneumonia and atelectasis.

The postoperative progress is shown in [Table 2](#tbl_002){ref-type="table"}Table 2.Results of postoperative complications and progressComplications and progressValuesComplications, nAtelectasis0Pneumonia0Number of days before independent gait, days1.0 (1.0--2.0)Number of days in hospital, days6.0 (6.0--7.0)Values are expressed as median (interquartile range). The median number of days before independent gait and the days of hospital stay are 1.0 day (interquartile range, 1.0--2.0) and 6.0 days (interquartile range, 6.0--7.0), respectively.

The results of the comparison of preoperative and postoperative pulmonary functions are shown in [Table 3](#tbl_003){ref-type="table"}Table 3.Differences of pulmonary functions between preoperation and at 3 months postoperationVariablesPreoperationThree months postoperationVC, liters3.2 ± 0.93.2 ± 0.9VC, % predicted109.0 ± 14.3109.7 ± 13.6FVC, liters \*\*3.2 ± 0.93.0 ± 0.8FVC, % predicted \*\*109.3 ± 14.5102.6 ± 14.7FEV~1~, liters \*\*\*2.5 ± 0.72.3 ± 0.6FEV~1~, % predicted \*\*105.7 ± 22.294.8 ± 19.6FEV~1~/FVC, %80.2 ± 9.077.2 ± 7.9Values are expressed as mean ± SD. \*\* p \< 0.01; \*\*\* p \< 0.001. VC: vital capacity; FVC: forced vital capacity; FEV~1~: forced expiratory volume in 1 s. We identified a significant difference in forced vital capacity (FVC) and forced expiratory volume in 1 s (FEV~1~). The differences between preoperative and 3 months postoperative pulmonary function were −5.9% (SD: 8.5) in FVC % predicted and −9.6% (SD: 11.1) in FEV~1~% predicted.

DISCUSSION {#s4}
==========

In this study, we investigated the presence of postoperative pneumonia and atelectasis in NTM lung disease patients who underwent lung resection with VATS and pre-PR. We found no patients with preoperative pneumonia and atelectasis.

Algar et al. reported that the incidences of postoperative pneumonia and atelectasis in lung cancer patients who underwent resection with VATS were 3.3% and 2.9%, respectively[@r14]^)^. The results of the present study were better than those of the study by Algar et al. Previous studies have revealed that age and preoperative pulmonary function affect the occurrence of complications after lung resection[@r15]^)^. The susceptible age for NTM lung disease is lower than that for lung cancer. Consequently, the preoperative pulmonary function of NTM lung disease patients is often better than that of lung cancer patients. Because lymphadenectomy was not performed in the lung resection surgery for NTM lung disease, the surgery for NTM lung disease was considered to be low invasive. The fact that the incidence of postoperative complications in NTM lung disease was lower than that in lung cancer was inferred from those reasons. Our results were supported by a previous study of Yu et al. that revealed that the incidence of postoperative pneumonia and atelectasis in NTM lung disease patients who underwent resection surgery with VATS were 1.2% and 0.6%, respectively[@r16]^)^.

Benzo et al. reported that the incidence of postoperative complications in lung cancer patients who underwent pre-PR was significantly lower than that in patients who received usual care[@r11]^)^. Moreover, Varela et al. elucidated that the combination of respiratory muscle training by using an incentive spirometry and peripheral muscle training at pre-PR was more effective for the prevention of postoperative atelectasis than respiratory muscle training alone[@r17]^)^. The reasons for the good result---that postoperative pneumonia and atelectasis might be eliminated by pre-PR---included not only respiratory muscle training but also the instruction of mobilization in our study. Because our retrospective and observational study was without controlled subjects, the effect of pre-PR alone was not elucidated in this study.

In this study, the decreases of FVC % predicted and FEV~1~% predicted were 5.9% (SD, 8.5) and 9.6% (SD, 11.1) at 3 months postoperation, respectively. Santombrogio et al. reported that in lung cancer patients who underwent lung lobectomy, decreases at 6 months postoperation of 10.7% (SD, 4.5) in FVC % predicted and 9.1% (SD, 10.7) in FEV~1~% predicted were observed[@r18]^)^. The decline of pulmonary function in NTM lung disease patients who underwent lung resection was similar to that in lung cancer patients.

Our study has some limitations that need to be addressed. First, the number of patients in our study was small because NTM lung disease is a rare disease. Second, the adherence to pre-PR was not evaluated. Finally, in this study, we did not take into account the resection site and its size. Postoperative pulmonary function is also sometimes used as a predicted value that is calculated by using the number of subsegmentectomy and subsegmental bronchial obstructions caused by a tumor[@r19]^)^. Future studies including a larger number of patients and considering those factors are needed.

In conclusion, the present study elucidates that postoperative pneumonia and atelectasis did not occur in NTM lung disease patients who underwent lung resection with VATS and pre-PR. This indicates that the combination of VATS and pre-PR in NTM lung disease patients may be effective for preventing postoperative complications.
